1. Introduction {#s1}
===============

Early detection and diagnosis of stable coronary artery disease (SCAD) is essential for proactive secondary prevention of myocardial infarction (MI), control of disease progress, and reduction of mortality. Clinical decision-making in modern medicine is increasingly dependent on cardiovascular imaging techniques. 2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS guideline for the diagnosis and management of patients with stable ischemic heart disease has been issued by American Heart Association (AHA).[@b1] European Society of Cardiology (ESC) has issued 2013 ESC guidelines on the management of stable coronary artery disease.[@b2] Non-invasive imaging examination is recommended as the cornerstone for diagnosis in these guidelines. In China, despite the availability of multiple non-invasive imaging modalities such as electrocardiogram (ECG), echocardiography, radionuclide myocardial perfusion imaging (MPI), cardiovascular magnetic resonance imaging (CMR), and coronary computed tomography angiography (CCTA) in clinical practice, the utilization, clinical indication, and technical operations are not standardized. In the course of diagnosis and treatment, imaging examinations have been focused on "emphasizing structure and disregarding function; simplifying diagnosis and stressing therapy". In addition, clinicians\' training and knowledge of examination techniques are limited and thus they do not master indications and contraindications of each specific modality. Moreover, current Chinese guidelines for the diagnosis and treatment of chronic stable angina pectoris and expert consensus for examination techniques have not provided standard and systematic guidance for non-invasive imaging examination pathways.[@b3] In order to meet the needs of standardized clinical applications of diagnostic techniques, cardiovascular disease (CVD) experts and imaging experts have jointly written this Chinese expert consensus on the non-invasive imaging examination pathways for stable coronary artery disease (SCAD) on the basis of AHA, and ESC guidelines for SCAD to help Chinese cardiovascular specialists apply non-invasive imaging examination techniques based on patient characteristics and fully realize the clinical values of these examinations in disease diagnosis, risk stratification, and evaluation of therapeutic efficacy.

2. Definition of SCAD {#s2}
=====================

SCAD includes different phases in the development of coronary heart disease, particularly the reversible myocardial oxygen demand and/or oxygen supply mismatch which are related to ischemia or hypoxia and are generally induced by exercise, emotion, or any other cardiac stressors. It may occur repeatedly or spontaneously. The clinical manifestations include exertional angina or silent angina caused by vasospasm or microvascular disease, latent angina, relative stable states after coronary artery stenting or bypass grafting, and ischemic cardiomyopathy.

3. Clinical diagnosis of SCAD {#s3}
=============================

Medical history and physical examinations are the essential first steps for cardiovascular specialists to diagnose patients, and clinicians can make further decisions for patients based on pre-test probabilities (PTP) of SCAD.

3.1. History {#s3a}
------------

It is fundamental to understand the medical history in order to make a diagnosis. Physicians should understand the characteristics of chest pain, including: (1) constricting discomfort in the front of the chest. Paroxysmal attacks may last for several minutes and generally not exceed 10 min. (2) Onset of chronic stable angina is often induced by exertion (such as brisk walking and climbing stairs or slopes) or emotions. (3) Symptoms usually occur with exertion and are relieved by rest. In addition, symptoms may be quickly relieved within 2--5 min after administration of sublingual nitroglycerin. People with typical angina have all the above anginal pain features; people with atypical angina have two of the features; and people with non-anginal chest pain have one or none of the features.[@b4]

3.2. Physical examination {#s3b}
-------------------------

SCAD patients usually have normal physical examinations. Symptoms of angina often occur concomitantly with tachycardia, elevated blood pressure, anxiety, perspiration, and auscultation findings could include third and the fourth cardiac sounds or gallops, systolic murmur over the cardiac apex, reversed splitting of second heart sound, or occasional rales in lower lungs. Physical examinations may assist to discover non-coronary atherosclerosis findings such as valvular heart disease and cardiomyopathy or risk factors such as hypertension and xanthoma induced by abnormal lipid metabolism, as well as carotid murmur or peripheral vascular disease which may be helpful for the diagnosis of atherosclerosis.[@b3]

3.3. PTP {#s3c}
--------

PTP of CAD is the probabilities of SCAD determined by clinical findings. The importance of the estimation of PTP in selecting non-invasive imaging technique is gradually increasing and it is a key step for reasonable selection of a non-invasive imaging technique. PTP of CAD is affected by CAD incidence, clinical features, and risk factors (such as smoking, hyperlipidemia, hypertension, diabetes mellitus, obesity, family history of premature CAD, etc). According to SCORE (<http://www.heartscore.org/Pages/welcome.aspx>) or Framingham risk scoring (<http://hp2010.nhlbihin.net/atpiii/calculator.asp>) with reference to 2013 ESC guidelines on the management of stable coronary artery disease,[@b2] calculating PTP in accordance with features of clinical symptoms, sex, and age to stratify patients by values of \< 15%, 15--65%, 66--85%, \> 85% ([Table 1](#jgc-15-01-030-t01){ref-type="table"}).

###### PTP of CAD in patients with chest pain.[@b2]

   Ages, yrs   Typical angina   Atypical angina   Non-angina pain              
  ----------- ---------------- ----------------- ----------------- ----- ----- -----
    30--39          59%               28%               29%         10%   18%   5%
    40--49          69%               37%               38%         14%   25%   8%
    50--59          77%               47%               49%         20%   34%   12%
    60--69          84%               58%               59%         28%   44%   17%
    70--79          89%               68%               69%         37%   54%   24%
     \> 80          93%               76%               78%         47%   65%   32%

Notes: (1) PTP in all groups in white cells is \< 15%, indicating very low possibility of CAD. Screen with resting ECG and echocardiogram only. (2) PTP in all groups in blue cells is between 15% and 65%. Patients may select exercise ECG as first examination if applicable. However, if non-invasive imaging examinations are available at the hospital, ischemia can be detected by such examinations. (3) PTP in all groups in light red cells is between 66% and 85% and non-invasive imaging functional tests should be selected for SCAD diagnosis. (4) PTP in all groups in dark red cells is \> 85%. SCAD should be assumed and patients only need to receive risk stratification. PTP: pre-test probabilities; SCAD: stable coronary artery disease.

Overall sensitivity and specificity of non-invasive imaging techniques to diagnose CAD is approximately 85%. Therefore, patients with PTP of below 15% for coronary artery stenosis may not need to continue with non-invasive imaging examinations, while patients with PTP above 85% for coronary artery stenosis may directly proceed to invasive imaging examinations. Patients with PTP between 15% and 85% should follow the non-invasive imaging examination pathways to make subsequent decisions ([Figure 1](#jgc-15-01-030-g001){ref-type="fig"}).[@b2]

![Clinical pathways for non-invasive imaging technique for patients with suspected SCAD and moderate PTP (15%--85%).\
CMR: cardiovascular magnetic resonance imaging; MPI: myocardial perfusion imaging; N: no; PTP: Pre-test probabilities; SCAD: stable coronary artery disease; Y: yes.](jgc-15-01-030-g001){#jgc-15-01-030-g001}

4. Non-invasive imaging examinations for SCAD {#s4}
=============================================

The non-invasive imaging examinations includes basic exam, cardiac functional stress test, and coronary artery anatomic imaging examination mainly used for the diagnosis of myocardial ischemia, risk stratification, and prognosis evaluation.

4.1. Basic exam {#s4a}
---------------

Basic exam is the first choice for all patients with suspected SCAD, mainly including resting ECG, resting echocardiography, and chest X-ray. Resting ECG can provide baseline status, and dynamic ECG alteration associated with symptoms is helpful for diagnosis. Twenty-four hours dynamic ECG can help improve detection rate of myocardial ischemia.[@b5] Echocardiography provides information of cardiac structure and function. Segmental wall motion abnormality increases the chance of diagnosis of CAD and the overall left ventricular (LV) contractile function is meaningful for prognostic risk assessment of CAD patients. Structural anomaly (such as severe aortic valve stenosis) or cardiomyopathy (such as hypertrophic obstructive cardiomyopathy) should be noted before further stress testing for detecting ischemia. Chest X-ray in patients with heart failure or pulmonary diseases can provide valuable diagnostic information.

4.2. Functional stress test {#s4b}
---------------------------

Functional stress test is to apply exercise or pharmacologic agents to induce myocardial ischemia by increasing myocardial work and oxygen consumption, or through vasodilatation to induce redistribution of coronary blood flow. The main methods to diagnose SCAD for patients with PTP between 15% and 85% are composed of stress ECG, stress echocardiography, stress radionuclide MPI (PET and SPECT), and stress CMR. Exercise stress test is composed of treadmill exercise test (TET), or incumbent or upright exercise bike tests using Bruce exercise protocol. Pharmacological stress test includes positive inotropic drugs (dobutamine) and vasodilators (dipyridamole, adenosine, and regadenoson). Among pharmacological agents used in stress tests in China, adenosine triphosphate (ATP) is more commonly used as an alternative to adenosine but it should be noted that the test results may be influenced by metabolic time.

The appropriate indication of stress tests includes: (1) elucidating the reason for atypical chest pain, shortness of breath reasons in patients with suspected SCAD; (2) in need of assessing the extent and severity of myocardial ischemia; (3) evaluating survival myocardium (pharmacologic test of dobutamine and dipyridamole); (4) risk stratification of noncardiac surgery and post myocardial infarction; and (5) detecting restenosis and prognosis of prior percutaneous coronary artery interventional (PCI) or coronary artery bypass grafting (CABG). All stress tests should be performed with strict adherence to contraindications to reduce clinical risks, which include: (1) unstable disease state after acute MI with ischemic symptoms; (2) high-risk unstable angina; (3) uncontrolled symptomatic arrhythmia with abnormal hemodynamics; (4) symptomatic severe aortic valve stenosis; (5) heart failure with uncontrollable symptoms; (6) acute pulmonary embolism or pulmonary infarction; (7) acute myocarditis or pericarditis; (8) acute aortic dissection; (9) LV thrombi; (10) hypertensive patients with uncontrollable high blood pressure (BP \> 200/110 mmHg); (11) inability to tolerate or hypersensitivity to pharmacologic stress agents; (12) obstructive hypertrophic cardiomyopathy; (13) apparent hypotension (dipyridamole); and (14) rejection by patients.

### 4.2.1. Stress ECG (exercise ECG stress test) {#s4b1}

Exercise ECG stress test serves as the cornerstone for the diagnosis of SCAD, and it is the basic examination for suspected SCAD with PTP stratification between 15% and 65%, in patients with exercise capacity.

Treadmill exercise test is the most commonly used test for exercise ECG. In clinical practice, it is usually graded by heart rate (HR) achieved during exercise. Maximal HR = 220-age, sub-maximal HR = 85%--90% maximal HR, or 190 -- age (± 10), and low stress HR is 60%--70% of maximal HR. Ischemic ECG is diagnosed with ≥ 1 mm horizontal or down-sloping ST depression in one or more than one lead at peak exercise (at 60--80 ms after J Point).[@b6] Non-ECG indicators such as drop of blood pressure during exercise stress also indicate severe coronary lesions or left main disease.[@b7]

Precautions: (1) patients need to be able to perform at least moderate level of physical exercise; (2) in the case of complete left bundle branch block (CLBBB), pacemaker rhythm and Wolff-Parkinson-White syndrome, exercise ECG has no diagnosis value; (3) false positive results are possible in case of LV hypertrophy (LVH), bundle branch block, atrial fibrillation, and use of digoxin for treatment; (4) anti-ischemic treatment may impact HR and reduce myocardial oxygen demand, thus, it may lead to false negative results for diagnosis; however, it may be used to evaluate therapeutic efficacy for ischemia.

The treadmill exercise test is economical, simple and convenient, practical, relatively safe, non-invasive, and repeatable. Its sensitivity and specificity for CAD diagnosis is approximately 23%--100% (average 68%) and 17%--100% (average 77%), respectively. However, it cannot further characterize specific coronary arteries, and the influence of less exercise duration and impaired exercise tolerance should be taken into consideration in analyzing.[@b8] In addition, the sensitivity and specificity for diagnosis of female patients are lower. Cardiopulmonary exercise testing can significantly improve sensitivity but it is not commonly used in clinical practice.

### 4.2.2. Stress echocardiography {#s4b2}

Stress echocardiography can be used to assess LV shape, size, ventricular segmental wall motion, and systolic function at peak stress. Adding ultrasound contrast agent for myocardial contrast echocardiography allows for the assessment of myocardial perfusion. Ultrasound contrast agent can also be used to improve endocardial definition and improve sensitivity and specificity of stress echocardiography.[@b9]--[@b11] It is recommended that when patients undergo stress echocardiography, ultrasound contrast agent be used if two or more continuous segments (in a 17-segment LV model) are poorly visualized.[@b2]

If ventricular wall motion is normal in both resting and stress states, the test result is negative. Abnormal study findings include those with fixed wall-motion abnormalities or new or worsening abnormalities indicative of ischemia.[@b12] A segment with resting dysfunction may show either a sustained improvement during stress indicating a non-jeopardized myocardium (stunned) or improve during early stress with subsequent deterioration at peak (biphasic response). The biphasic response is suggestive of viability and ischemia, with jeopardized myocardium fed by a critically coronary stenosis. Resting wall-motion abnormalities, unchanged with stress, are classified as "fixed" and most often represent regions of prior infarction.[@b13] Stress tests should be terminated in case of significant arrhythmia, hypotension, and intolerable symptoms. Unsynchronized contraction of the right ventricular free wall and reduced downward displacement amplitude of the tricuspid valve can indicate right coronary artery or multi-vessel lesions.

Exercise stress echocardiography may simulate physiological stimuli more accurately, and we should prioritize the selection of exercise stress test in reasonable conditions. In case of significant abnormal resting ventricular wall motion found in the examination (we can use dobutamine for viable myocardium assessment) and/or poor exercise ability of patients, we should prioritize the selection of pharmacologic stress tests. The vasodilator stress echocardiography is more suitable for evaluating myocardial perfusion, but if ventricular wall motion response is desired, we should select dobutamine stress echocardiography.

Stress echocardiography is convenient, non-invasive, operable from the bedside, free from any radioisotope injection and radiation, and iodine containing contrast agents. However, the quality of the examinations can be relatively easily affected by patient acoustic window, such as in cases of morbid obesity and chronic lung disease.

Stress echocardiography combined with strain-rate imaging can quantify movement and displacement of the myocardium in all segments;[@b14] it may be combined with 3D-echocardiography to capture the real-time 3D images and evaluate movement of each segment or the whole left ventricle.

### 4.2.3. Radionuclide myocardial perfusion imaging {#s4b3}

Radionuclide MPI includes the use of single-photon emission computed tomography (SPECT) or positron emission tomography (PET) techniques to detect and evaluate myocardial perfusion status and myocardial viability to provide functional information of the coronary arteries.[@b15] MPI has been widely used in the detection of coronary artery disease, including the diagnosis of myocardial ischemia and infarct, evaluation of viability of the myocardium, ECG gated imaging can also provide information of myocardial perfusion, segmental wall motion, mechanical synchronization and cardiac function parameters at the same time.[@b16] The published literature with SPECT suggests that its average sensitivity for detecting \> 50% angiography stenosis is 87% (range: 71%--97%), whereas the average specificity is 73% (range: 36%--100%). With PET perfusion imaging, the reported average sensitivity for detecting \> 50% angiography stenosis is 91% (range: 83%--100%), whereas the average specificity is 89% (range: 73%--100%).[@b17]

The quantity of tracers taken in by the myocardium is related to regional blood flow to the myocardium. When stress MPI is reduced and resting MPI is normal or improved, the diagnosis of myocardial ischemia should be considered. If stress MPI result is negative, then the possibility of myocardial ischemia may be reduced. In case of transient LV enlargement and decreased ejection fraction at the time of stress MPI, it is an important indicator for predicting serious CAD. The premium indication of stress MPI is the patients with intermediate PTP of CAD (PTP ranges: 15%--85%)

The PET MPI has higher spatial resolution and better diagnostic accuracy than SPECT. It can quantify absolute blood flow to detect microvascular diseases and measure myocardial blood flow reserve. It can be used for early detecting CAD, especially for the patients with microvascular disease, balanced multi-vessel CAD and obesities.[@b18] Although majority of technical advantages have been recognized for a long time, access to PET for routine detection of CAD remains somewhat limited. It has higher cost for new generator to produce ^82^Rubidium or advanced cyclotron to produce ^13^N-ammonia, and is not widely used in China. However, Clinical applications of PET/CT are increasing gradually and it is useful for the comprehensive assessment of coronary artery function and myocardial perfusion.

Image quality of MPI may be affected by exercise or artifact and the assessment of coronary arterial vascular wall structures is not possible. The effect dose of radiation exposure for the MPI test is about 5.8 mSv (take 20mCi ^99^mTc-MIBI as example). SPECT/CT and PET/CT are increasingly applied in clinical practice for detecting coronary structure, calcification and plaque.[@b19]

### 4.2.4. Cardiac magnetic resonance imaging {#s4b4}

Cardiac magnetic resonance imaging (CMR) serves as the gold standard for the evaluation of cardiac structure and function. With stress perfusion, cine CMR, and delay gadolinium enhancement imaging, cardiac structure, function, abnormal ventricular wall motion, myocardial ischemia, infarction, and viability can be evaluated. Additional CMR sequences can also evaluate tissue characteristics, such as edema, fibrosis, and hemorrhage.[@b20]

The premium indication of stress CMR is the patients with PTP ranges from 66%--85%. CMR perfusion imaging display reduction or deficiency of myocardial perfusion in condition of positive results. For multi-parametric CMR, the sensitivity was 86.5% (95% CI: 81.8%--90.1%), specificity 83.4% (79.5%--86.7%), and negative predictive value 90.5% (87.1%--93.0%). The sensitivity and negative predictive value of CMR are superior than SPECT in CEMARC study.[@b21] CMR has no ionizing radiation and may image in any orientation. It is not limited by patient body and has high spatial resolution, temporal resolution, and soft tissue contrast. Image quality may be affected by artifact and exercise is not routinely available due to requirement of MRI compatible equipment. Imaging of coronary artery takes longer time than CCTA and the images are not as high resolution as CCTA in clinical practice. It cannot be used in claustrophobic patients and patients implanted with ferromagnetic metals/devices. Some objects with low or non-ferromagnetic object (e.g., stent implantation) may generate artifact.

For past few years, whole-heart synchronized dynamic myocardial perfusion image can be obtained from high-resolution whole-heart 3D CMR perfusion which improves sensitivity of myocardial ischemia diagnosis and accurate quantitative analysis for myocardial ischemia.[@b22] In addition, the myocardium quantitative imaging (T1 mapping and T2 mapping) is applied to detect diffuse myocardial fibrosis and edema in clinical practice.[@b23],[@b24]

4.3. CCTA {#s4c}
---------

CCTA is a non-invasive imaging technique with the best spatial and temporal resolution to assess anatomical structures of coronary artery, and mainly used to diagnose epicardial coronary stenosis. CCTA is characterized by high sensitivity and excellent negative predictive value which is particularly applicable for patients based on PTP stratification of suspected CAD.[@b25],[@b26]

CCTA can be used not only to evaluate the narrowing of vessels, but also to quantitatively evaluate plaques to make preliminary diagnosis of plaque vulnerability. Therefore, it has important clinical diagnostic values for suspected CAD.[@b27],[@b28] Calcium score scan is used to quantify calcified coronary artery lesions and it may reflect plaque burden which has crucial values for risk stratification.

Suitable population for CCTA: CCTA is mainly used for patients with moderate or low to moderate risk (PTP stratification of 15%--50%). CCTA is suitable for patients with atypical chest pain and clinically suspected CAD but cannot definitely diagnosed by ECG. Some patients who cannot tolerate stress cardiac imaging may also select CCTA as an alternative option.[@b2],[@b25] It is widely accepted that CCTA can be used to evaluate graft patency of coronary artery stent \> 3 mm, and observe radiological manifestation of complete stenosis, restenosis around the stent, or ruptured stent. Moreover, it has excellent clinical values for pre-operative screening and assessment of non-cardiac surgical patients with suspected CAD.

Contraindication of CCTA include: (1) hypersensitivity to iodinated contrast agents; (2) renal insufficiency \[creatinine clearance rate \< 60 mL/min per 1.73 m^2^); (3) severe heart failure; (4) untreated hyperthyroidism; and (5) pregnancy. The above-mentioned contraindications are not absolute. Individual presentation should be considered, and necessary preventative and curative measures should be used to reduce examinations associated complications.

Control of both HR and cardiac rhythm are equally important in CCTA. It is recommended to control HR \< 70 beats/min. Only some high-end CT equipment may be used to image in patients with arrhythmia such as atrial fibrillation and premature beats.

CCTA examination is characterized by convenience, rapid acquisition, and high spatial resolution. It can collect data of pulmonary vasculatures, coronary artery, the heart, and ascending and descending aorta.[@b29] It has the following limitations: (1) ionizing radiation, although radiation dosage of CCTA has significantly reduced. Radiation dosages for most patients may be reduced to \< 3 mSv, or even sub-millisievert scanning. The clinical application of CCTA has become safer. (2) CCTA could be impacted by calcification and other blooming artifacts which result in overestimation of vessel narrowing and thus false positive diagnosis. Severe calcification may make it impossible to evaluate the stenosis. (3) Iodinated contrast agent in CCTA may result in hypersensitivity, shock, or adverse reaction such as worsened renal function. However, the dosage of contrast agents has been reduced significantly. It is not recommended to conduct skin tests for iodinated contrast agent.[@b30] (4) CT evaluation for coronary artery function \[CT perfusion and fractional flow reserve (FFR)\] needs to be improved.

Recently, evaluation of coronary artery function using cardiac CT has become a hot topic of research. FFR~CT~ are highly accurate in comparison to invasive FFR, and relative technologies are still in research. CT myocardial perfusion may be used to quantitatively evaluate the degree of myocardial ischemia to provide informaiton of both coronary artery anatomy and burden of myocardial ischemia. However, the application of coronary CT functional imaging is still limited due to higher radiation and contrast agent dosage, and the effect of beam-hardening artifact. Thus, it needs further clinical validation.[@b31],[@b32]

4.4. Recommendations in clinical practice for non-invasive imaging test {#s4d}
-----------------------------------------------------------------------

Various non-invasive imaging examination techniques have their own advantages in observing cardiac structure and function. Physicians should choose according to clinical needs to use the best techniques and provide comprehensive assessment. [Table 2](#jgc-15-01-030-t02){ref-type="table"} summarizes application characteristics of non-invasive imaging examination techniques and recommendations according to clinical needs.

###### Evaluation table of cardiovascular non-invasive imaging examination.

                      Coronary artery stenosis   Coronary artery plaque   Cardiac and large blood vessel anatomy   Ventricular wall motion   Ventricular function   Myocardial perfusion   Myocardial viability   Myocardial metabolism
  ------------------ -------------------------- ------------------------ ---------------------------------------- ------------------------- ---------------------- ---------------------- ---------------------- -----------------------
  Echocardiography               \-                        \-                             +++\*                             +++\*                   +++\*                    ++                     ++                     \-
  CCTA                         ++++\*                    +++\*                            ++++\*                             +++                     +++                     ++                     \+                     \-
  CMR                            ++                        \+                              ++++                             ++++                     ++++                   ++++                  ++++\*                   \+
  SPECT                          \-                        \-                               \+                               +++                     +++                   ++++\*                  +++                     ++
  PET                            \-                        \+                               \+                               +++                     +++                    ++++                   ++++                  ++++\*

\*Refers to the first recommended in Chinese expert consensus in the current clinical environment; +: diagnosis precision in research phase; ++: diagnosis precision can be used but not commonly used in clinical practice; +++: diagnosis precision had been used in routine; ++++: has highest accuracy of diagnosis; -: cannot evaluate. CCTA: coronary artery CT angiography; CMR: cardiovascular magnetic resonance imaging; SPECT: single-photon emission computed tomography; PET: positron emission tomography.

In terms of evaluating coronary artery characteristics such as stenosis and plaque, CCTA has the highest accuracy in non-invasive imaging examinations and it is highly recommended for clinical application.

For observing anatomical features of the heart and large blood vessel, Echo, CCTA and CMR have high accuracy. Echo should be considered for the serial real-time measurement. For the large blood vessel, the first recommendation is CCTA in the absence of contraindications.

In evaluating the ventricular structure and function, CMR has the highest accuracy with confirmed ventricular wall motion abnormalities, and the first recommendation is echocardiography.

In term of evaluating myocardial perfusion, SPECT, PET, and CMR have higher accuracy, and the first recommendation is SPECT when CMR is not available or contraindicated. CMR and PET have the highest accuracy for detecting viable myocardium, and CMR have priority for detecting fibrosis, the first recommendation is CMR.

In assessment of myocardial metabolism, PET has better advantage and is the first-line examination recommendation in clinical practice.

4.5. Recommendations for clinical pathways of non-invasive imaging modalities for SCAD {#s4e}
--------------------------------------------------------------------------------------

The main purpose is to evaluate the existence and extent of myocardial ischemia. For patients with different stratified PTP, the pathways of all non-invasive imaging modalities are shown in [Figure 1](#jgc-15-01-030-g001){ref-type="fig"} and [Figure 2](#jgc-15-01-030-g002){ref-type="fig"}.[@b2]

![Clinical pathways for non-invasive imaging technique for patients with definite diagnosis of CAD to evaluate myocardial ischemia.\
CABG: coronary artery bypass grafting; CAD: coronary artery disease; CMR: cardiovascular magnetic resonance imaging; MPI: myocardial perfusion imaging; N: no; PCI: percutaneous coronary artery interventional therapy; Y: yes.](jgc-15-01-030-g002){#jgc-15-01-030-g002}

Patients who have contraindications to stress test may use CCTA. Patients with PTP (15%--50%) may also use CCTA.

Patients without any contraindications to stress test and without exercise capability may select pharmacological stress MPI, pharmacological stress echocardiography and pharmacological stress CMR or CCTA.

Patients who have an un-interpretable resting ECG without any contraindications to stress test but with exercise capability should select exercise stress echocardiography or exercise stress MPI.

Patients who have an interpretable resting ECG without contraindications to stress test and with exercise capability should choose according to PTP. Select exercise stress ECG with PTP of 15%--65%. Select stress echocardiography or stress MPI, and the pharmacologic stress CMR with PTP of 66%--85%.

If patients have LVEF \< 50% with typical symptoms, they should receive invasive imaging examination. If patients have LVEF \< 50% with atypical symptoms, they should receive functional stress imaging examination.

4.6.. Patients with definite diagnosis of CAD for evaluating therapy effect ([Figure 2](#jgc-15-01-030-g002){ref-type="fig"}). {#s4f}
------------------------------------------------------------------------------------------------------------------------------

Patients without exercise capability should select pharmacological stress echocardiography, pharmacological stress MPI, pharmacological stress CMR, or CCTA. Patients who have un-interpretable resting ECG with exercise capability should select exercise stress echocardiography, exercise stress MPI, and pharmacological stress CMR. Patients who underwent resting ECG interpretation with exercise capability should select exercise stress ECG, exercise stress echocardiography, and exercise stress MPI.

4.7. Risk stratification of SCAD with non-invasive imaging examination {#s4g}
----------------------------------------------------------------------

Patient event risk can be calculated on the basis of Duke Treadmill Score (DTS), exercise time, degree of ST deviation and chest pain during exercise. DTS is used to detect annual mortality rate \> 3% in patients with high risk (http:// [www.cardiology.org/tools/medcalc/duke/](www.cardiology.org/tools/medcalc/duke/)).[@b33],[@b34]

Stress echocardiography: If patients encounter \> 3 segments of exercise-induced abnormality in the 17-segment LV model, they should be considered as high risk patients (the corresponding annual mortality rate \> 3%) and receive coronary artery angiography.[@b35],[@b36]

Stress MPI: semi-quantitative analysis can be used to calculate summed stress score (SSS), summed rest score (SRS) and summed difference score (SDS = SSS-SRS), which was based on 17-segment LV definition and 5-score per segment evaluation system. The proportion of stress-induced reversible perfusion deficiency in LV myocardium less than 10% (1--2 segments, SDS \< 7) indicates mild ischemia. The proportion between 10% and 20% (3--4 segments, 7 ≤ SDS \< 14) indicates moderate ischemia. The proportion more than 20% (≥ 5 segments, SDS ≥ 14) indicates severe ischemia. Patients with moderate and severe ischemia may benefit from revascularization, and patients with normal or mild ischemia are recommended to receive optimized medical therapy.[@b37],[@b38]

Stress CMR: The standard for high risk should be ≥ 3 in 17-segment model, newly set high risk criteria is abnormal ventricular wall motion, or stress induced LV reversible perfusion abnormality of \> 10% (≥ 2 segments). For patients of SCAD, stress CMR myocardial perfusion research indicates that 3-year survival rate for patients without any abnormal myocardial perfusion is 99.2%; 3-year survival rate for patients with abnormal myocardial perfusion is 83.5%. Thus, the difference between two groups is statistically significant and incidence of cardiac events for the latter is significantly higher than the former. Abnormal stress myocardial perfusion may serve as an independent predictive factor for the occurrence of adverse cardiac events.

CCTA: Risk stratification of patients can be achieved according to the degree of stenosis in CCTA. Research has indicated that prognosis of patients with significant stenosis is significantly worse than non-significant stenosis.[@b40] Plaque features can serve for risk stratification of coronary artery lesion. The vulnerable plaque features in CT include low-density plaque (\< 30 Hu), positive remodeling, punctate calcification, and "napkin-ring" sign.[@b41] The new coronary artery disease-reporting and data system (CAD-RADS) has been recently established with updated interpretation and management due to the degree of maximal coronary stenosis.[@b42]

[Table 3](#jgc-15-01-030-t03){ref-type="table"} shows risk stratification according to results of all non-invasive examination. Optimize medical therapy for low risk (annual cardiovascular mortality rate \< 1%). If symptoms are not improved, patients should receive invasive coronary artery imaging examination, and conduct FFR if necessary. For the moderate risk (annual mortality rate between 1% and 3%), conduct optimized medical therapy and consider invasive coronary artery imaging examination, and conduct FFR if necessary. For high risk (annual CV mortality rate \> 3%), patients should receive invasive coronary artery imaging examination, and conduct FFR if necessary.[@b2]

###### Definition of risks detected in all non-invasive imaging techniques.

  -------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  ECG exercise stress test                                                                      High risk                                                                                                                                                                               Annual cardiovascular mortality rate \> 3%
  Moderate risk                                                          Annual cardiovascular mortality rate between 1% and 3%                                              
  Low risk                                                                     Annual cardiovascular mortality rate \< 1%                                                    
  Ischemia imaging                                                                              High risk                                                                     The ischemic areas \> 10% (SPECT \> 10%; limited CMR quantitative data - approximately ≥ 2/17 segments of new perfusion abnormality, or the dobutamine-induced malfunction segments ≥ 3; left ventricle segments detected in echocardiography stress test ≥ 3).
  Moderate risk               The ischemic areas between 1% and 10%, or the ischemic areas lower than CMR or high-risk standard determined by echocardiography stress test.  
  Low risk                                                                                     No ischemia                                                                   
  Coronaryartery CTA                                                                            High risk                                                                                                                                    Including left main lesion, three-vessel disease, or two blood vessels merged with proximal lesion of anterior descending branch.
  Moderate risk                           Main coronary or significant proximal coronary artery stenosis lesion, but it has not reached the level of high risk               
  Low risk                                Normal coronary artery, or the existence of plaque only, no remarkable stenosis and no features of vulnerable plaque.              
  -------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CMR: cardiac magnetic resonance imaging; CTA: computed tomography angiography; SPECT: single-photon emission computed tomography.

5. Conclusions {#s5}
==============

Fully understanding various non-invasive imaging examination techniques can lead to reasonable selection of the best examination in clinical practice to effectively detect the disease and avoid excessive treatment. The intention for issuing this expert consensus is to standardize clinical pathways and take advantage of multi-modality imaging tech niques for better clinical service. This expert consensus is expected to be validated in clinical practice and improved over time in order to lay the foundation for generating practical and effective clinical guidelines in China.
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